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Abstract 
The improvement of urban mobility has become a key concern to all institutions and researchers dealing with transport research. 
It was the vital need to change the "culture" of urban mobility promoting environmentally friendly modes of transport and the 
rational use of private car that forwarded Urban Mobility Centres in Greece and other countries. A modern and advanced Urban 
Mobility Centre for the city of Thessaloniki is under way and it is expected to offer to the citizens various services together with 
a Traffic Control Centre by the end of 2011. An innovativeness of the centre is the specialized service providing environmentally 
friendly routing, taking into account specific air pollutants, as the impact of the use of vehicles on the atmosphere, and existing -
dynamically calculated - environmental conditions of the wider area. The paper deals with the need to organize such an Urban 
Mobility Centre. The methodology to approach the problem, in order to design the centre's services, is presented, as well as the 
expected contribution to the environmentally upgrading of the Metropolitan area of Thessaloniki. 
Keywords: urban mobility; mobility centres, environmental friendly routing. 
1. Introduction 
One of the most common problems that traffic planners are called to solve when studying the traffic problems of 
a region, is the way travellers choose the transportation mode and the route to follow as well as the factors 
influencing this decision (Bovy, Bliemer and van Nes, 2006; Ortuzar and Willumsen, 2001). The main elements to 
examine when approaching such a problem are travel times, travel costs, convenience, travellers’ value of time and 
the level of services offered by each network (Cascetta, 2009). When new technologies for traffic monitoring and 
passengers’ and motorists’ informing were installed in most major cities, the information took its place among the 
factors that influence travel planning (Mahmassani, 1999). This information may refer to services, delays due to 
road traffic, scheduling of public transport etc. and is provided to travellers through the internet, variable message 
signs, smart bus stops, personal navigators, info kiosks, etc. This study aims to explore the impacts of the operation 
of an urban mobility centre on citizens’ travel planning while presenting a methodology for finding an 
environmentally friendly route and examining how it may affect the environmental conditions of an urban network. 
 
*
 Corresponding author. Tel.: +30-2310-498459; fax: +30-2310-498269. 
E-mail address: emit@certh.gr 
1877–0428 © 2011 Published by Elsevier Ltd.
 Selection and/or peer-review under responsibility of the Organizing Committee
© 2011 Published by Elsevier Ltd.
 Selection and/or peer-review under responsibility of the Organizing Committee. 
Open access under CC BY-NC-ND license.
Open access under CC BY-NC-ND license.
Maria Morfoulaki et al. / Procedia Social and Behavioral Sciences 20 (2011) 162–170 163
Urban Mobility Centres are tools for local action on mobility management, which aim to promote, enhance and 
facilitate the access to transport services for the end users. Urban Mobility Centres have recently become the means 
to awaken citizens to use public transport and reduce car use especially in the city centres. The ultimate objective of 
an Urban Mobility Centre is to promote friendly modes of transport (public transport, bicycle, walking, carpooling 
etc.) and to raise citizens’ awareness about mode selection and route choice. The services provided by Urban 
Mobility Centres usually offer citizens with information related to schedules, tickets, fastest or shortest paths, 
through various media. Mobility Centres have already been established in cities around Europe, providing various 
services to their citizens. Most of them are located in Germany (Frankfurt, Berlin, Hamburg, Cologne, Munich, 
Wuppertal, Münster and Stuttgart), Austria (Graz, Pongau, Eisenstadt) and Belgium (Limburg), while more have 
been developed for cities in Denmark (Copenhagen), Sweden (Goteborg), Czech Republic (Prague), Portugal 
(Porto), Italy (Bologna) and the United Kingdom (Camden Direct, Telford & Wrekin Direct). 
Since September 2009, the development of the Urban Mobility Centre of Thessaloniki is under way aiming to 
serve citizens, informing them about alternative routes when planning their journey, providing them with the 
optimal solution using real time data and suggesting the most environmentally friendly route. These, and other 
information, will be provided through information points, telephone and mainly electronically through the centre’s 
website. Among other innovative services, the environmentally friendly routing service is being introduced to the 
citizens. Real-time traffic and pollution data are used to calculate the path and the mode of transport the traveller 
should choose, so as to burden the environment as little as possible. This way, pollution on environmentally 
sensitive areas of the region is expected to be alleviated. In order to develop this particular service of the Urban 
Mobility Centre, proposing environmentally friendly routes for users, it was necessary to calculate the assessment of 
the environmental pollution on main roads of the city due to traffic as well as the maximum number of vehicles on 
each link so as not to exceed the maximum allowable emission levels. Both fixed measuring stations of the 
Department of Environment of the Municipality of Thessaloniki (CO, CO2, NOX, etc.) and a mobile laboratory of 
Hellenic Institute of Transport are used to collect the necessary environmental data sets. In addition, traffic 
conditions are estimated and predicted with the use of a highly detailed, dynamic traffic simulation model, 
developed especially for this purpose. This model utilizes a dynamic extension of Wardrop’s first principle 
(Wardrop, 1952). 
2. Environmental and traffic profile of the central area of Thessaloniki: The need for environmental mobility 
today and in the future 
For long periods during the last years, air pollutants in Greece have been found to be above acceptable limits. 
According to the daily measurements carried out by the Department of Environment of the Municipality of 
Thessaloniki, PM10, is observed to be far above the daily maximum limits, set at 50 μg/m3 (EC, 2008). Regarding air 
pollutants, high levels of air pollution have been observed mainly in the commercial and administrative centre of the 
city, where the over-concentration of activities and heavy traffic result to alert levels for certain pollutants such as 
nitrogen dioxide, carbon monoxide and smoke. Pollution levels range near the limit values for air quality defined by 
Greek legislation and EU directives. The highest prices of air pollution in Thessaloniki are met during winter and 
fall (with the exception of ozone). During summer months (June, July, August) there is a significant decline in the 
activities of the city, ventilation conditions of the city are better and generally weather conditions favour the 
diffusion and dispersion of air pollutants. Although, based on current data, strong expressions of "smog" are not 
expected in Greece or Thessaloniki, it should be noted that concentrations of nitrogen dioxide in the commercial 
centre of the city are very close to limit values set by Greek and Community legislation and nitrogen oxides and 
especially ozone exhibits up warding trends in as estimated from the Regional stations. Data processing has 
highlighted the strong indications about the "smog" in Thessaloniki transforming gradually, but steadily, from smog 
cloud, in which pollutant sulphur dioxide is of great significance to photochemical smog with important pollutants 
such as nitrogen oxides, hydrocarbons and ozone. 
The main cause of urban air pollution is traffic (FOEN, 2010). From a traffic data analysis, using data provided 
by related measurements and studies conducted in the Municipality of Thessaloniki, it is clear that the city's traffic 
problem seems to increase year to year. Specifically, regarding traffic volumes, the average daily traffic on the main 
roads of the city exceeds 1.100.000 vehicle-trips, while the morning peak corresponds to 8-10% of the daily total. 
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Each year 16.000 to 20.000 new cars are added to the approximately 400.000 existing vehicles already circulating 
within the wider area of Thessaloniki (HIT Portal, 2010). 
The main streets in the central area of the municipality serve daily highly volumes of East-West and West-East 
traffic that reach 45% of traffic volumes recorded at peak periods (morning - travel to work and afternoon - traveling 
back from work at home). During a typical day, the traffic on the streets of the city centre does not vary widely, 
being high for most of the 24-hour period, since both commercial land uses and entertainment facilities attract trips, 
even at night. As for parking, the demand during peak hours around the city is up to 80.000 slots and the 
corresponding deficit is 25.000 parking places. The largest deficit occurs in the central area of the city, which is the 
commercial, historical and administrative centre of the city, accounting for 34% of the total deficit (HIT Portal, 
2010). 
These traffic and environmental problems have created a direct negative impact on the economic development 
and functional character of the central area of the city. Since the 90’s, the increase rate of land values in the area has 
declined, more and more commercial land uses move away from the city centre and 'open' historical monuments 
suffer from the negative environmental effects. The only alternative transportation mode in the city of Thessaloniki 
is the bus. The current public transport system is operated by the Organization of Urban Transport in Thessaloniki 
(OASTH), with about 70 bus lines, many of which cross the central area of the city. The public transport system 
serves 27-29% of the daily trips of the city (HIT Portal, 2010). Recently, OASTH was equipped with an IT system 
for real time fleet monitoring and informing the public about the estimated time of buses’ arrival. The construction 
of a subway system (metro) for the city started in 2007 and it consists of a main line that goes through the entire 
commercial and administrative centre. The construction of the infrastructure required is estimated to complete and 
start operating by 2015. The on-going works for the construction of the metro affect the already congested traffic 
and degrade the environmental situation in the central area of the city. However, the new transportation mode is 
expected to promote combined transportation, using environmentally friendly modes such as cycling and walking. 
3. The services provided by the Urban Mobility Centre of Thessaloniki and the contribution to the 
environmental upgrade 
The services of the Urban Mobility Centre to be offered to the citizens are: 
x Travel Information Service: Consulting and suggesting alternative travel routes on a daily basis and information 
on emergency or scheduled events (e.g., sports / cultural events, road works etc.). 
x Mobility Consulting: Consulting and suggesting alternative travel routes to destinations of interest (e.g. 
museums, archaeological sites, university, sports facilities etc.) using public transport 
x Public Transport Information Service: information about schedules, tickets, discount categories, etc. 
x My environmental friendly route: Highlighting the best environmental route for private car users. Encouraging 
the use of public transport on highly charged environmental routes. 
x Information - Education Services for Special Groups (e.g. children, students, elderly, disabled): Adequate 
training promoting environmentally friendly transport modes. 
x Parking Information Services: Information services for central parking stations of the municipality, fees, etc. 
x Information on changes in services: providing information on changes to the existing transport system such as 
special events, e.g. strikes etc. 
x Intercity transport information services: information on routes and fares for intercity transport e.g. Rail, bus, etc. 
x Tourist Information Service: Information on places of cultural - tourist interest and accessibility (car, public 
transport, pedestrian movement, etc.) 
x Car-pooling services: Development of a service to promote car-pooling. 
x Freight Transport Information: information about times and permitted locations of freight transport, road 
restrictions, fines, etc. The aim of this service is to eliminate the problems (e.g. congestion) caused by freight 
transportation. 
x Large companies information services: information of employees of large firms about the best travel alternative 
to / from their workplace.  
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A general layout of the architecture of the Urban Mobility Management System is depicted in figure 1. 
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Figure 1. Thessaloniki’s Urban Mobility Management System Architecture 
A user survey, carried out in 2010, pointed out the way and the intensity with which the centre could affect the 
citizens’ decision to use friendly modes of transport. The extended user phone survey took place with a sample of 
5.043 citizens being interviewed in the wider urban area of Thessaloniki. According to this survey they are willing 
to use the services of the Urban Mobility Centre more than once per week. The importance of each of the offered 
services has been assessed as shown in figure 2. 
 
Figure 2. Evaluation of the importance of the offered Urban Mobility Centre services 
More than 50% of those interviewed state that a routing service, using as a criterion the reduction of emissions, 
would be of great necessity for the city. Especially those living in environmentally burdened areas seem to be more 
environmentally awakened emphasizing on the importance of such a service. Finally, it has been revealed that the 
citizens are willing to select an alternative route, than the one they usually choose based on its impact on the 
environment, by accepting an increase of their travel time. 
The development of the environmentally friendly routing service requires the evaluation of environmental 
pollution on areas of the city due to traffic. More specifically, the environmentally friendly (“green”) routing service 
allows citizens to be informed about the available routes and services with the minimum environmental impact, 
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under actual (real time) or short-term predicted environmental and traffic conditions of the network. That’s why, 
road sections and districts are less suggested or even excluded from the possible solutions (routes) proposed by the 
service, in order to reduce traffic and pollution in environmentally burdened individual sections of the road network 
of the city (figure 2).  
 
Figure 3. Sensitive areas of the city, less suggested or often excluded from the possible solutions 
The service will also inform the user about the consequences of the proposed route on the environment, aiming to 
raise the awareness of the travelling public on environmental issues and sustainable urban mobility comparing it 
with the impact for all modes of transport: car, public transport, cycling-walking. Based on the survey results, the 
environmentally friendly route proposed should not vary more than 10-15% compared to the fastest route, so that the 
proposed solution can easily be accepted by the end user. 
4. Methodological approach of the environmentally friendly routing service 
The methodology used to develop the algorithm that finds the optimum environmentally friendly route is mainly 
based on real-time traffic data and the calculation of the traffic subsequent emissions. The basic methodological 
framework is based on two main axes. 
The first is air pollutants which rely primarily on traffic data of the major and secondary road network in the 
central region of the area examined. They are calculated as a result of traffic, taking into account the vehicle fleet 
composition (e.g. passenger cars, light duty vehicles, heavy duty vehicles, mopeds and motorcycles) and the 
vehicles’ engine technologies (e.g. gasoline, diesel, Pre-ECE, Euro 1 to 4, Conventional, etc) for each link category 
as shown below, as well as the daily environmental data from the air quality stations of the municipality. 
The second axis is the amount of air pollutants emitted or the energy consumed for alternative routes in order to 
calculate the path that ensures the lowest impact of the transportation for various vehicle types. From empirical 
studies, large amounts of data on fuel consumption and emission factors of vehicles have emerged and offer a 
wealth of information for transport design (Ahn, Trani, Rakha, Van Aerde, 1999). Also macroscopic and 
microscopic models have been developed for calculating fuel consumption and emissions for different categories of 
motor vehicles. The EMEP/EEA air pollutant emission inventory guidebook, formerly referred to as the EMEP 
CORINAIR emission inventory guidebook (EEA, 2009) is used to estimate emissions for air pollutants produced by 
various vehicle categories (e.g., passenger cars, light duty vehicles, heavy duty vehicles, mopeds and motorcycles) 
calculated based on real time traffic data (vehicle speed, travel time, volume/capacity). The generic function for 
estimating the emissions of vehicles is: 
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where EF is the emission factor, V is the average speed for each network link and a,b,c, d and e are coefficients, 
depending on each pollutant. 
The databases, data flows, interfaces, processes and algorithms used in order to develop the environmentally 
friendly routing service are presented in the following diagram: 
`
Historical
Traffic Data
Vehicle
Categories
(Compositions,
technologies)
Daily
Environmental
Data
Traffic Scenarios Environmental
Scenarios
Traffic Detectors
Air Quality Stations
Traffic Scenario choice and
volumes estimation based
on real time traffic data
Environmental Scenario
choice based on real time
traffic and meteorological
data
Traffic Data set EnvironmentalData set
Environmentally Friendly
Route finding algorithm
Final Output
D
A
TA
B
A
S
E
S
H
IS
TO
R
IC
A
L
TR
A
FF
IC
S
C
E
N
A
R
IO
S H
IS
TO
R
IC
A
L
E
N
V
IR
O
N
M
E
N
TA
L
S
C
E
N
A
R
IO
S
TR
A
FF
IC
S
C
E
N
A
R
IO
C
H
O
IS
E
B
A
S
E
D
O
N
R
E
A
L
TI
M
E
TR
A
FF
IC
D
A
TA
E
N
V
IR
O
N
M
E
N
TA
L
S
C
E
N
A
R
IO
C
H
O
IS
E
B
A
S
E
D
O
N
R
E
A
L
TIM
E
TR
A
FFIC
A
N
D
M
E
TE
O
R
O
LO
G
IC
A
L
D
A
TA
G
.I.S
.
Real Time
Traffic Data
User’s Vehicle 
Type Input
 
Figure 4. Databases, data flows, interfaces, processes and algorithms of the environmentally friendly routing service 
 
As a result of the factors mentioned above, the various scenarios of the model are based on the following 
parameters: 
x The pollution category (environmental) scenarios that are estimated from measurements of the pollution along 
with real-time traffic data and are classified according to a predetermined system of environmental indicators 
(low pollution, exposure, exceedances, etc.). The statistical analysis of data and their distribution in space provide 
the basic features for these scenarios. 
x The traffic scenarios, providing alternative routes for specific trips based on collected traffic data. 
x The characteristics of the pollutants in each alternative route estimated for all common vehicle types. 
With a combination of these parameters (pollution scenarios, alternative routing and the impact of each route on 
air pollution), the service can provide citizens with two alternative routing options: 
x The path that ensures the lowest impact of a transportation for various vehicle types based on traffic data, both 
historical and real-time 
x The path that passes through “clean” areas of the city, avoiding already polluted segments of the road network 
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A bidirectional least cost path search algorithm (Dijkstra, 1959) is used for the computations of the 
environmental friendly routing services. Let s and t be the starting and end points, e.g. nodes, addresses or other user 
selected locations in the network. A forward least cost path search algorithm is applied at s and a reverse one at t. 
The algorithm terminates when both the forward and the reverse searches label the same node, say k. The least cost 
path P(k) is then equal to the union of the forward and reverse least cost paths. Network nodes are expanded, so as to 
allow for taking into account turn penalties (Caldwell, 1961). The main advantage of the network expansion is that, 
besides the several turn restrictions that exist in the actual dense urban road network, delays at intersections due to 
signalization, conflicting movements and capacity restrictions can be added to the least cost path search method. 
5. Experimental environmentally friendly routing service assessment 
In order to assess the environmentally friendly routing service, an experiment with hypothetical paths within the 
network of Thessaloniki has been executed. One thousand randomly selected origin-destination pairs have been 
selected, out of the 47.894 nodes of the road network. For the selected origin – destination pair of nodes, the least 
cost paths have been computed based on time and three different environmental criteria: 
x Criterion A: fastest path (minimal path travel time) 
x Criterion B: healthiest path (minimal transversing of links with high levels of pollution, in terms of CO) 
x Criterion C: environmental path (minimal pollution, in terms of CO) 
x Criterion D: energy reduction path (minimal fuel consumption) 
Table 1. Comparison of the alternative routings 
 
Criterion A vs. B Criterion A vs. C Criterion A vs. D 
Comparison in average trip length +85,02% +18,62% -4,29% 
Comparison in average travel time +121,74% +43,64% +30,81% 
Average decrease of amount of CO that a traveller would be 
exposed to, as a result of traffic -87,26%   
Average decrease of amount of CO, as a result of users 
following environmental paths  -52,69%  
Average amount of fuel saved, as a result of users following 
environmental paths   -9,19% 
 
A second hypothesis has been made, which is related to the users’ level of acceptance, reached by the 
environmental friendly routing service, as part of the services provided by the Urban Mobility Centre. This 
hypothesis comprises three levels of user acceptance: low (2-5%), medium (5-10%) and high (10-25%). 
Table 2. Comparison of the alternative routings for the different levels of user acceptance 
 Low level 
of user acceptance 
Medium level 
of user acceptance 
High level 
of user acceptance 
A vs. B A vs. B A vs. B 
Average decrease of amount of CO that a traveller would 
be exposed to, as a result of traffic -1,75 to -4,36% -4,36 to -8,73% -8,73 to -21,8% 
 
 Low level 
of user acceptance 
Medium level 
of user acceptance 
High level 
of user acceptance 
A vs. C A vs. C A vs. C 
Average decrease of amount of CO, as a result of users 
following environmental paths -1,05 to -2,63% -2,63 to -5,27% -5,27 to -13,1% 
. 
 Low level 
of user acceptance 
Medium level 
of user acceptance 
High level 
of user acceptance 
A vs. D A vs. D A vs. D 
Average amount of fuel saved, as a result of users 
following environmental paths -0,18 to -0,46% -0,46 to -0,92% -0,92 to -2,30% 
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6. Conclusions 
The Urban Mobility Centre is recognized to be an essential and active intervention on environmentally friendly 
management of urban transport demand and integrates effectively existing actions of local authorities for optimum 
traffic management, urban transport infrastructure management and monitoring of the environmental quality in the 
city centre. Main objective of the Urban Mobility Centre of Thessaloniki is to collect all -necessary for mobility 
management- data, to process this data and to transmit it in a comprehensive way to travellers, providing advisory 
and informational services, targeted at them, as well as to develop educational and informational services that 
promote a change to environmentally friendly travel modes and generally to sustainable transport systems. Priority 
targets are the reduction of number of trips made by private transport charging the historical city centre, the 
forwarding of environmentally friendly trips and the promotion/use of technologies and services that contribute to 
the sustainability of urban mobility. For these reasons, the Urban Mobility Centre of Thessaloniki is expected to: 
x Identify the barriers of promoting sustainable mobility in the city and help create solutions for their reduction and 
elimination, 
x Create an “intelligent and sustainable technological tool” that helps people best manage their mobility, 
x Provide best solutions in accordance with the travellers’ needs, actual conditions and potentials of urban roads 
and public transport, 
x Promote the collaboration of all stakeholders in order to adopt best practices on sustainable traffic management in 
the city centre as well as integrated planning for environmentally friendly development of urban transport 
infrastructure, 
x Ensure fair mobility for all citizens, 
x Monitor and quantify key indicators of urban mobility in the city and assess the impact of the operation of the 
Centre and other similar initiatives. 
In the era of urban mobility being the most important solution to the problem of environmental pollution and 
traffic congestion in urban areas, the development of new services about optimum routing and information can 
enhance this role. Until now, traffic models, suggesting routing alternatives, take into account factors such as time, 
distance, delays due to traffic control, etc. The environmental impacts are usually estimated as a result of the 
intensity of traffic and quantified by road segment or route. With the innovative services of Urban Mobility Centre 
of Thessaloniki underway, and namely the environmentally friendly routing service, the environmental pollution is 
no longer treated a result of mobility but as a parameter criterion for selecting the final route of traveller. Each user 
of the Centre is asked to choose a mode of transport after assessing the impacts of each mode and each trip on the air 
pollutants of the city. With the alternatives provided by the centre (optimizing time, cost, pollutants), the user may 
decide which route to follow based on his own cost-benefit analysis. According to the service, people using private 
cars will not be directed to routes that pass through environmentally burdened areas while always (or at least when 
there is an alternative) the best proposed solution will be the use of public transport. Of course in any case, the final 
choice depends on the travellers and therefore all the services of the Centre related to informing, educating and 
raising the environmental awareness of citizens are particularly critical for achieving the objectives. The Urban 
Mobility Centre of Thessaloniki, as well as other mobility centres of the region, aim at improving the quality of life 
and will succeed only if citizens themselves assess the conditions they experience and consciously use the services 
provided for their own wellbeing. 
Future research will focus on more on assessing the impacts of the operation of an urban mobility centre on the 
environmental conditions of the city. Moreover, the acceptance and use of such a service from the citizens of the 
cities needs to be further investigated. Such studies, in conjunction with proper policies and appropriate traffic 
management measures, could result in a traffic system controlling the desired volumes on roads so as to ensure safe 
levels of pollution. 
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